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The present invention »lates to Inducdve sinctures. such as ft«d '•^J^f^^J;;^ 
transformers. integraUe with semiconductor intBgrated circuits, particularty tor use at high frequenoes. 

Background Of The tnvenlion 

Of all passive eiectrical elements (resistors, capacilors. and inductors). »;» J^^^^^ 
form in lntt«rated circuits. Inductors present difflcuHSes because they require reiatn«ly Uupe amas wdtor 
!Z1 tTachieve usrtui values of inductance. In addition, the traditional three^.mension^cto«tar of 
imluctors is difficult to malize within integrated circuits that are essentially 

The difficulties of making satisfactory inductors of useh.1 values that -^^I^S^J^^^ 
are aggravated at higher frequencies. Because of the limited volumes avateWe ^ ^T^^^^Jf;;^ ^ 
and pLive elements in essentially two^lmensional integrated circuits. ^ 2°"'^'^ 
tures^Sor from increasing p»asitic capacitances at increasing fr^'-^^Thew unde«ralrf^^ 
ces are produced by comluctor cmss ovem. closely spaced wiring paths, and ^^P"^ 
capacitances adven»ly affect and limH the frequency at which the circuits perto^ 
SS^. the effects Of the pan««c capacitances can be so strong thrt^ 

characteristic of »i inductance element m more complex structures. ^^''J^J^^^^LZflS 
» several windings, the difficulties associated with controlling the area and volume of an element while 
achieving desired performance and limiting parasitic capacitances are even greater. 

Summary Of The Invention 

» K is a oeneral object of the present invention to provide Indudhw ainictures integrable wHh ssm lcon- 
duclor Intejited dreults that have Increased inductances and Inductive cooping. I 

reduced areas and volumes, and reduced parasitic capacitances. ..«,s««i.«^ 

A further object of the invention is the achievement of a translbrmer mtagrabto m a semiconductor 
jfrtegrated circuit that has a relatively Mgh mutual inductance betwew its windings while occupying a 

"^^Sing to a first aspect d the invention, the parasitic capacitance 0^ 

prior art inductor is avoided by employing In an inductor Integrated wrth an insutohr^ S""*^*^ 
as S«W«lly conducting vias through the substnrte. In this aspect of ft^ 
SS^^SHo^a surface 5 the subrtrate. The spi^ 

Sral and aSirtemal end disposed within the spiml. An electri^l load "JJEL^llSfl^l^^ 
reaches the internal end of the spiral through the two vias and «'J>^J^;*'^^ ^ 
surface of the substrate. Another electrical lead on the finrt surface of the Sitetrate 

40 teaTrhe substrate Is interposed between the cross over of the lead 

thereby significantly reducing the parasitic capadtanoB. _ k . - »i.«ibi„ «i 

In anrther as(»ct of the invention, the spiral may be supported above the substrate by a PhwUJ^ 
poste. The poste of adjacent conductors in the spiral are offset so that a post one v^ 
intermediate two adjacent poste of an adjacent winding. This spacing reduces the capadtive couping and 

45 the p»asiticcapacitence between windings and posts that arises In the prior ait structure^^ 

rSSSSrScording to the im«ntlon includes a firsi « 
substrate, an insulator disposed on the winding, and a second wi»tog ^^J^f^fZ^"^^ 
The windings and insulator may have a common central opening fiUed by a "^^"^J^f"^ 
ferrite. The presence of a feirite within the opening of the windings ncieases the mutual coupling of the 
50 windina and transformer performance compared to prior art transformers. 

" .n^yniSSZectTthelm^mti^ 

etoctrical conductors disposed on tts surfaces Interconnecting pairs tha vtes. The vto mdeledri^ 
conductors tonn a first heUcal winding. Electrically insulating films disposed on oppodte sidw of the 
ndKrtrato inctode further vias penetrating the insuialing films and the substrate. These vias are lnte|con- 

55 nected in pairs to torn, a second heBcaJ winding that at least partially sunounds the first wmciig arid^ 
inductively coupled to the first helical winding. A relatively large mutual inductance between the two neiicai 
windings in a relaihraly small volume is achieved. 
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m a further aspect <rf (he inventton. a variable Jnduclance 
a cross over and disposed on separate substrates. The substrates are separated by an etectHcaBy 
insulating film. Because of t»» smaD distance between the spirals, they "^^^ "2!tjlS^ 
Ikwing through one of the inductors is controlled to conHol the mutual mductanoe of the spirals and. 

ttiereby. the effective Inductance of the other spiral. 

Other objects and advantages of the invention win become apparert from the detailed d^ 

heieinaftar. it should be understood, however, that the detailed description and specific embodhnente are 
given by way of illustratioo only, since various changes and modilieations within the spW 
Invention wBI become apparent to those aWlied in the art from the detafled descripfioa 

Brief Description Of The Drawings 

Rgure 1 is a perspective view of a prior art spiral inductor. 

Figures 2(a) and 2(b) are plan ami sectional views, wspectively. of a prior art spiral inductor. 
Figures 3(a). 3(b). and 3(c) are perspective, plan, and aectional views, rospectively. of a pnor art. 

inductor employing two electrically interconnected spirals. «^ 

Figure 4 is a perspective view of a spiral inductor according to an embodiment of the invention. 

Figures 5(a). 5(b). and 5(c) are a perspective and two sectional views, respectively, of a spiral inductor 

according to anoltter emttodiiitent of the invention. 

Rfluros 6(a) and 6(b) are plan and sectional views, respectively, of a prior art spiTBi inductor. 

F«uias 7(a) and 7(b) are plan and sectional views, respectively, of a spiral inductor according to an 

embodiment of the inventian. , . . ^ ^ ^ ^ ^ «^ 

Figure 8 is a plan view of a prior art transformer employing two spiral inductors disposed on the same 

* Figure 9 is a perspecBve view of a prior art transtoimer employing two spiral inductors disposed on 

rfifterent surfaces with an mterveninQ insulating film. . «i« 

Figures 10(A 10(b). and 10(c) are a sectional view, and two plan views. respecBveiy. oi a pnor an 
transformer employing a magnefic sheet between coBs. 

Figures 11(a). 11(b). md 11(c) are plan, sectional, and perspeclive views, respectively, of a Iransfonnsr 
according to ttw invention. . 
Figures l^a). 12(b). and 12(c) are plan, sectional, and perspeclive views, respectively, of a transfomwr 

according to the invention. ^ , 

Figures 13(a). 13(b). 13(c). 13(d). and 13(e) are a perspective views, two side views, a partial ei^toded 
view, and another partial view, respectively, of a translomier according to an embodiment of fte invention. 

Figures 14(a) md 14(b) are two side views of a mo«fification til the transfwmer of Figure law 
acconflng to an embodiment of the invention. «i ««. 

Figure 15(b) is a perspective view of a variable inductance accorcfing to an embodiment of the 
invention, md Hgure ISfli) is a schematic diagram of an equivalent circuit of the variable Inductance of 

Figure 16(8) is a perspective view of a variable inductance according to an embodimenlrf the 
invention, and Figure 16(b) is a schematic diagram of an equivalent circuit of the variable inductance of 

''^'I^wmV is a schematic circuit diagram of a modification of the variable inductance of Rgure 16(^ 
Figure 18 is a schematic drcwt diagram of a pealdngdna* for a Wgh frequency ampOlier. 
« Figure 19 is a schematic circuit dtagram inchiding circuitry for subsHliilion in the peahmg circuit of 

'''^'iRillre 20 is a graph of the frequency response of a Wgh frequency 
pealdng dradL 

S9 Detailed Description Of Prefened Bnbodiments 

The embodiments of the invwilion are discussed below In conjunction with representative prior art to 
mustrats the Improvements achieved in the ttiventtoa In all figures. Ike elements are ghien the same 

reference numbers. u-»._^ i «... 

65 Figure 1 is a perapective view of a prior art inductor disposed on a semiconductor substrate 1 that may 

be gallium arsenide. In this inductor, an electrical conductor 2 ananged in a spiral patt ern is dis posed on a 
first surface of the substrate 1. As used here, the tenn "Spiral" means a winding that increases m diameter 
wHh rofSrence to a centrri point as the conductor becomes longer. The spiral may be smooth, gradualy 
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b«Baslna In diameter nke the shell of a nautilus, or have comers ^J^nS^f SSLIJS 
Z«*2rinFteinel The spiral is formed of a metal that Is deposited by »«poratlon or by pla^^ 

. ^STrf^ a iTconw^ toTtemilnal 5 for ease of oormection by wire bondino or other 

SZS«nai connections. Lead 6 must cross over and. therefore, be electncally '^Jtedfrom «^ 
nTcJSX a An eiectncally conducting greund plane 8 is d^ 

"TSl^zS^Zffl,) a plan vievv and a sedional view of a prior art inductor similar in at^ 

Ni il«*iLia«»3of8piral2andasecondtBm«inal7conn«^ 

SSSLST^rtle iSLe structure shown schematically in Rflure 3(a) is indcaled ^»<^ 

2S2!nt meiZStio^ and patterning to^Km an interconnection with conductor 15. 

ISnTSnS^lcal connection In the window at th. external end 13 of sp«l 1i a final. alectm»lly 

" "^mZ^^^^^L^ Shown in Rflures 3(a>-3(c) is the inductance of the individual s^ 
^^JSSI^S^i^ tt« two spinys. ance the mutual inductance ^.^.^^ 

Sey were side^y^de. the total induct-*, is 
iSTsmaller volume is occupied. However, the fabrication proc^ 1 ^H^^ 

- !«l««hr««ioi«i end as in the prior art device described with respect to l=igures 2(a) and m. »• 
* ?^-'^ -^.:^^^.^H^ K. «v. of the insulating layers 20. 30. 40. and 50. 

Sillrni^i^ Pi!^ by the structure Of Figures 3(a>^c,. 

^"•^Sili^^rJsTrin^on ere Shown in Figures 4 and 5(a)^ Figure 4 a 
« schSTview of an embodimert of the invention is shown in which an Inteiv^ 

S^Swi» 5(ri. omitted for clarity. Turnip 

SJ2S^ TtLnj » axtemal end 3 and an internal end 4 di^ 

SSSSJ substrei (not shown). Internal end 4 Is electrically ««»«^i«»J»jS! ' 
JScZbut by a via and lead arrengement A via 21 includes a v,a hole pen^ 

» Of lie substrate on which spiral 2 is disposed to the 

2,Sr<»,iS:SnSri- filling ^ 

SIJSI from the^lrel 2 and I, In electrical conjct with via 21 . J*^*^^ 
S«jucllng via 23 outside spiral 2 also penetrates the subslr«e^ 

Sldurtw 22 and wHh lead 6 so that an extw^ 
« sniial 2 from the side the substrate on which spiral 2 is (fisposed. 

"^^l^Si^ Of the invention dw-n In Figures 4 and 5(a)^c) is produced by conv«*o^ 
tech^rJ^mg preparing the via hotes. filUng them w^ 

and patoming electrical condudora on both sides of the substrate to complete the etedrical 
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rnnn«r«ftn« These Dfocessing stBDS cw be cwitod oul In various alters. For exampte. the sphal 

^SC^compteted by*posttir.g and patteming conductor 22 at the war surface of the 
SSSJ TZ^an eS^l/insulating or semHnsulating semiconductor, such as gallium «««.deor 
SSHhSe »S is not Dmted to s^lconduetor materials. When the substrate Is a sem^co^^ 
^IlSte is prefened for high frequency -PPi^-B-"- 

Seelric substrate, such as sapphiw. spinel, and the like. It Is only mjportant that the substrate be 

sufflclenOyetertrteally Insulating that the inductive stnicture is not sho^ ^....^ 

^TLenfion ta» the edvantage that It can be directly intognted mto a 

drcTThTZSnsuIatlng SZSk*. substrMe on which the spin- l^^J!? IlS J^oZ 
^Hm^d may have fonned on a,Kl in it aclh« compommte. such as t,««sto« 

Dassive elements, tooettier forming an integratBd circuit 

^t»rZSn2rtrt the mention shown In Figu»s S(ah6(c). a second electrically ""ducting 
12 IS C^2«^rLac. of the substrate opposite the ^^"^^^^^fj- r^SlS 
of i^ shown in Rgure 4. the internal end of spW 2^P<««» * '"-r*^ ITi,^!! 
1 is etedricaPy connected by means of . via 21 . m *• •mbo*^^ 

through the substrate 1 and is electilcaily conneetod to the second n>W 12. Spiral 12 IS connected to 

splr^ Srils 2 «K1 12 in me embodiment of Figures 5(aHKc) [««;«;*^^ 
JS^Sinateft-handsenseandtheomeriswoundinarigW^iandsensalnaddlte^ "'"T?^- 
» t^?does not directly underlie spinri 2. Obviously, me internal end 14 of splnil 12 
3^'^"me*t.^ 4 ofSi 2, and a portion o. ^gn- ^'S^^^^ 
oartol soiral 2 to reach via 23. Omerwfae. in me embodiment of Rgures 5<aHKc). rf spnal 12 Is (Ejected 
ofTTsubslnrte bearing spiral 2. mere Is m, avert applna a» « Pg» ^ . ^.^.g,;,^ 
2^23^ me c««s over, m omer words, me spinas 2 and 12 «e InlJ^ 
ZSnSc capadtence between me two spintfs. The embodlmert of Rgures S(a)^) te 

same manner that the embodtonent of Rgure 4 Is produced. ^.^^ ^«.-»^ 

^JSxlimenl of me tovention shown in Rgums 5(e)^c) provides increased mductonce over mat of 
Rflur4T!n«luslon of second spiral 12. However, mere Is no '^^'^'""^ "I 
cuMdtencTbecause spiral 12 does not diredty underiie spiral 2 any more man conductof22 «» no«V» 

leas comolex than that of me prior art structure of Rgures 3(a>^c). 

1^2^ OTbSmerts of metoventlon shown In Rgu«s 4 and 5(aHHc). me substrate 1^«* may be a 
semrccSSuTS^trate. is dsposed between me spiral 2 «^ 

(afSfc) me second spiral iZ The relatively large thfckness of the substrate, particutaily when omparwlto 
S^SJX^nXmg layem Of me prior »1 inducfive s|mctore of Rbu« 3(^ SfTSlJS^ Z 
oarasltic capadtence of the novel structure. The dieleclric consteirt of air « 

^ SHown in Rgure 2(b) is on. where.. Ibr a r'^^.^^f^^^ 

« ^ide. me dietedric aK«rtart is about twelve. Howev«. me ,nc^ 

condudon» in me invention, hundreds d microns versus a few microns In m. *bn^ 
2(a)-2aA resute m a wbdanlial reduction in the parasitic capacitance in the invention. , . 

^ ISTlhod Of redudng me par««ic capadtence of a planar "P^iSSSTc^S^^SS^ 
in Rgures 6(a) and 6(b). There, in plan and croswedional views. " «*«*^«?y 

45 SwSSaiLiemesuiaceofasubstratelbyapluralftyofetedric^ 

SS» are spaced apart from ead, dher by air spaces 26. The dieledric constert of * 

S^^S^SToflto undertylng substrate, tor example. tweh«. when ^J^j^^^^."^^ 
^Hworting strudure of Rgures 6(.) and 6(b) reduc*. "P^J* JTZtSrl'S^ 
spiral 2. efledhrdy changing the dietedric constent between the windings from twelve to one. However. 

Rflu^Ta) iJl^S) mi resulte l! sll> furmer reduced parasitic capadtence. •n«t suppojttng sjudure 

IpSedrependently or in combination wim me e"*'**'"^!^ 
4 »id Wa)^ c) m Rgures 6(a) and 7(a). me supporting poste 25 are ^^l! 
56 iS2 - a dLtence from me surface of substrate 1. in Rgure 

SSly opposite it in an adjacert winding. In omer words, in FH,ure6(a^^ 
JuppSi^^winding has a corresponding pair d adlacent post. in« '^JT^ 
ra^ve poste in eadi winding aligned wim eadi dher. However, in me embodhnent of me invention 
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Shown in Rguie 7(8). for each pair of adjacent posts supporting one winding, there te. in m^cetA 
winding, a supporting post intennedlate those two atfiacenl posts. That arrangement, as shown In ROu^T- 
(a). iwults in a zig-ag pattern of posts in a^lacert windings. Assimin^ 

interval for each winding in Figure 6(a) and 7(a). the spacing arrangement of Rgure 7(a) wcreasw the 
distance Iwtween posts of adjacent windings by the square root of two. Thus, the parasitic capadtanoe 

I wt w o o n adljacent wincfings is reduced. „ 

As illustrated In Rguiw 7(a) and 7(b). the vias 21 and 23 and an eleclncal conductor 22. an as 8ho^ 

and described wHh lespeet to Figure 4. can be employed wMh the novrt supporting post The 
reduced capacitance of the novel supporting structure permits an inductive stnirture accorcfing tome 
invention to 1)0 employed at higher frequendes from prior art structures without Ix^ 

capacitance. 

MuWpie spiral windings that are inductively coupled to each other can t»e employed as transhwmers. A^ 
example of a prior art transformer employinfl two spind windfcigs disposed on the same su^ 
plan view in Rgure a There, an eledricaily conducting spiral 2 is disposed within an eieclilcally condurtng 
spiral 12 Both the external end 3 and the intemal end 4 of spiral 2 require air Ijridgeslnictures 9. insulalmg 
ttwm from and cressing over windings of spiral 12 and giving electrical access to the spiral 2. Because 

spiral 12 nes outside spiral 2. direct access to external end 13 of spiral 12 te •^•^J**^*^*' 
bridge stniclure 9 must still 1)0 provided to give external access to the internal end 14 of spiral 12. Beo^ 

of the presence of the three air bridges 9. the transformer of Rgure 8 suffers from the same parasitic 
capacitance problems described fOr the other prior art spiral induclwe stnictures. in addition, the n»9n«Jw 
coupOng between spirals 2 and 12 is linrtted because only a relathrely low penneabHHy material. Ia, the 

substrate 1.1s present in the vicinity of those windings. «, . 

Another prior art transformer structure is shown In an exploded view in Rgure 9. 
structure includes an electrically msulatino substrate 1 on which Insulating films 20. 30. md -W are 
a successively disposed. Eleclrically conducting spirate 2 and 12 are respectively disposed on fil^ 

40. ach of the films Includes a through hoto through the respective insuteUng films through which 
conductore 26 and 27 respeclhiely extend to an underlaying layer, film 30 in the case of ^ 2 and 
substrate 1 in the case of spiral 12. These eleclrical conductore passing through the insolaling films prov^ 
an etectrical connection to respective leads 6 from the internal ends 4 and 14 of spirals 2 and ia -n* h^ 
30 spirals 2 and 12 have the san» sense. lA. the same direction wiwfng. and overtie each other to mai*^ 
their mutual Inducfive coupling. The mutual inductances of the two ispirals is controlled by their geometrtes 
with respect to each other and the thidmesses of the insulating films. However, the mutajal inductance 
between the two spirate is fimited since the penneaWllty of the adjacent matoriate b relalhJ^^ 

m Figures 10(a)-10(c). another prior art transfomwr structure for use in semiconductor >>W«m 
35 drcuite is shown in sectional and plan views. This transformer employs a sheet of a Mnl)/ high 
penneabiny material In order to Improve the inductive coupling bolween two windings. In tWs pnor art 
Suctore. described in Japanese f^lblishod Prtart Applcalion 61-2^ 

is disposed on an etectrically insulating substfato 1. A second winding 28 comprises a single turn loop 
spaced from spiral 2 by an electrically insulafing layer 4. A ferromagnetic sheet 31 is ambeddedmtoe 

40 insulaling layer 29 between spiral 2 and winding 2a Because the terromagnelic sheet 31 is aw»M 
between spiral 2 and winding 28 rather than wMMn their central openings, it te not effective in significantly 
increasing the inducthre coupling between those two conductore. Thus, H te diflicuR in the prior art 
structures to obtain a large mutual inductance and high efficiency in the transfbmwr. 

Rgures 11(a). 11(b). and 11(c) are pten. sectional, and perapecthre views, respedwely. of a transfbnner 

45 inteorable in a semiconductor integrated circuit according to an embodiment of the invention. In ttas 
stmctare. a singte turn winding 28 made of a «iln metal film te disposed on the surface of a 
substrate, such as galHum arsenide. Winding 28 includes a pair of toads 32. An etectrically msutaling film 
33 such as SIN or SON. te disposed on winding 2a Another singto turn winding 34 to dteposed on insinlor 
33* directly above and opposite winding za Winding 34 includes teads 35. Windings 28 and 34 and 

so insutefing film 33 haw) common central openings generally aligned with each other to provide a common 
core A ferromagnetic body 36. such as a ferrite. te dteposed within that common central opening to 
improve the mutual inductance of windings 28 and 34. The magnettc permeability of body 36 te signlBcantiy 

taiger than that oi substrate l. Moreover, the dteposWon of that magnetic body vriiWn the common core of 
the two wimfings 28 and 34 ensures good magnrtic couping betvreon those windings. As a result, a 
ss retedveiy high mutual inductawe. i*., a highly eflident transformer, te achieved accordUig to thte embodi- 
ment of the invention. As well known in the art. the permeability ol ferrito matoriate may be about twenty- 
five hurxJred. providing very strong coupling between the two windings 28 and 34. 
11(aj and 11(c). the teads 32 and 35 of the respective windings are prefofabiy aligned in dHferent directions 



7 



I 

EP0 643402 A2 



16 



90 



to avoid undesired capacitive coupling between them. ^ ^. . 

The structures of Rgures ll(a)-1l(c) are readOy constructed using conventional semieonductof device 
techrtcp^. such as patten*i9 Of melal and insutata^^ 

of integiated circuitry on a sul»slistB Including interconnected active and passwe cucuB elements. The 
6 fe.n««Uic body 36 may be separately lom«d and dispo^ 
wi«li,« and insulating film 33. Alternatively, th^ 
JS^of the winSS* and insul-infl layer by si^ 

STandtoT other Zps necessvy to produce the d«d,ed ^[^^^ 

feZagnetic material is dapoeilBd after both «.Mb«s 2B and 34 and insuiabng film 33 have been 

" 12(c). an «denslono. the ^ 

plan. aeSonal. and perspectivo views, respectively. The yuctum of Rgures '^'^^^l^^l^^^^ 
of IKsHKc) except that a second insulating film 37 Is dteposed on wmding 84 and 
dispoii on insulatinfl film 37. This third winding 38 includes leads 39. The leads of oartrt tt» J«e 
win^ are oriented along diffeient directions. The magnetic body 36 Is extended m he«ht to flDJhe 

^ of the three^Klings «KI two intervening insu^ 
films can be added to the stacic TWs embodiment is pmduced in the«^ 

Rgures 1 1 (a).1 1 (c) is prepared except that addHional steps are required for «»»P«»*'«.«^«»«' ^""T^ 
2. 37 ^ eledical iorSuctor fom,ing winding 38. The «m« desirable toy mutual i«dud|ve c^^ 
obtained as in the eartier embodiniert eiccept that the coupBng occurs be^l«en three wmdii^ 
two In these structures, the direction of mutual coupling Is generally perpendicular to the surface of 

"^aSi monolithic Integrated drcuH techw)logy makes single turn transformer 
lafancaie. integrable transfonners inherently have low inductances and low muhjal 

» wmdmgs. In the lm«nlloa the mutual inductance and transfbmiere^^ 

sigmbcmtly increased, even compared to the prior art siracture of Rgure 10(a). since the fanomagnaBc 
maional « disposed very close to the transformer vrindlngs. . , ^ • tm. 

Arwther transfonner embodiment according to the mvenBon is shown bi f^ffires 18W-ia(e). Tl* 
ttanstemwr embodiment incorporates e first generally helical coil 47 »'^|;«*«' bye 8»"^ 

so heical coll 48. The tem. "helical- as used here refers to a threeHtanensional wimtog much 

wound around a spool along the length of the spool. However, the term as used here encompasses a 

winding lhat includes comers slong its length. ^ tvM ^ t-vrx 

Rgure 13(a) shows a perspective view of an embodiment of the Invention and RQuws 130» and 13W 
show iride views of the stnicture of the Rgure 13(a). These views include a laiy 

ss and overlapping elements which may be more easily understood by reference to Rgurwl2<^ 

i!n»ngSl7to Rgure 13(e). an eleclricanylnsuiaB^ 

penetL the subslnrte from a surface 43 to a surface 44 and are fined with an 

nuterial. such as a metal. Substrate 1 may be a semiconductor, such as 9^ ^^>^ <>'J^ 
phosphide. 1^ of vlas are eleclrically connected on surface 43 of si*strate 1 by eleclrle^ 

40 SSi»Jn the embodiment shown in Rgure 13(e). an electrtaalc^^ 

the substrate electricalV connecte two of the vies on surface 44. The substrate 1 of Rgute^^ 

four vias 51. but a larger number could be employed in the im«ntion In wWd^ 

surface 44 would be employed. Two of the vies 51 are connected to respective toads 54 db^tud on 

surface 44. Thus, as Is apparent from Rgure 13(e). a heBcal. indudiva sbuclure. much Bite a wound coB. as 

4B Shown in Rgure 13(e) is initially prepared. 

^LheLslr«Le48thrtsuiioun^ 

Rgure 13(d). Rgure 13(d) is an exptoded view and omits the helical sbucture 47 for ^nj^^^ 
formation of helical slructoie 47. eleclrically insulath^ 

44 of substrate 1. The Insulating layers 41 and 42 cover the electrical conductors 53 and a^^^ 
•mereafter. etoctricaly conducting vlas 56 are produced, penetrating insulaling layers 41 and 42 as well as 
substrate l. Pairs of vias exposed at surface 45 of Insulaling teyer 41 are atectrtcally IniBrconnertBd^ 
etoctrical conductors 5a On surface 46 of eteclrically Insulaling layer 42. a conductor 57 Interconnects tm 
of the vias 56. Again, only one conductor 57 Is shown, but. In other embodiments Including •norevto 56. 
additional conductom 57 would be emptoyed Electrtcal toads 58a diaposed on surface 46 
contect one of the vias 56 to produce external leads for the structure. When these two helices are 
completed, the structure ol R^ 13(a) is obtained. 

All of the steps in producing the transformer stnidure of Rgute 13(a) are conventional. The via holes 
can be produced by an Isotropic eteWng. such as ion mimg or reactive ion etching. The filling of the via 
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holes with metal and the deposWon and patterning of the electrical 

conventional technology. While helix 48 Is shown suirounding heOx 47. which T'^^^J'^*^ 
coupling between the helices. It is not necessary that one cdl completeiy surio^ 

hoBoes be coaxiaL l*)rewef. portions or all of tto 

bridoe type stnictiaas in place. .. 

vShite the structure of Ftguie 13(8) provides good mutual coupnng between the helical s*"*^"" 
thev are so closely spaced, the coupling can be increased by including a material havuig a reWively hj 
maonetic permeability within the two helices. An example of such a translonner is llluslratod R9<«« 1^ 
Mma i4(b) which are side views similar to Figures 13(b) and 13(c). In adtfition to the elements *own in 
Roures 13(b) and 13(c). in the embodiment of lha invention illusbated in »^"«^ '^«) ""fj^ .« 
mSnetic iLal 38. sJch «. a lerrite. I. disposed within mibstrate 1 Inside heOx ^^^^j^'';^ 
not limited to a ferrite and may indudo other magnetic malenals. such as iron, fenosflieon. or an bmAmtal 
alloy for example. Tbe magnetic material is a soSd body that is disposed wllWn a recese ioimaa m 
suSralB 1 befw the conductors 52 and 83 are deposited. Aitemafive^ 

disposed in a recess by silk screening or some other material deposition process followed by any 

"^^rSi^ISSTperspectlve view of a variable irrfuctance according to another einbodlment of the 

invention is shown. The variable inductance includes two similar spiral inductive ^y'^'^'^'^!^ ^ 
L prior art spiral shown in Rgum 1 of the application. A spiral 2 includes an electrical 
on m electrically insulating subsliato 63 and a lead 6 in an air bridge slnicture conne^ 
roTtte spiral 2 to a terrnL 7. The external end 3 of the spiral 2 is dimc^ 

similar spiral 62 with tenninals 65 and 67 is disposed on a substrate 1. The two sprals 2 «d 62 are 
separated by an electrically insulating film 61 . The tenninals 65 and 67 of spiral 62 are '""•^ *> " 
Srtrical sigmU source 68 that causes a cunert to flow through spired 

current flow varies the effective inductance of spiral 2 because of the •™*f|!«*2!L'^^ 
spirals. An eleclrically conducting ground plane 8 is disposed on the surfaoe of substfrte 1 opposte 

which spiral 62 is disposed. „ » . *c/k\ - i hmmi 

FiQuie 15(b) is an equivalenl drcwt of the stniclure of Rgure 15(a). In Figure 15(b). a current h fern 
throudh spiral 2 and a current h flows through spiral 62 because of the signal applied by sigmtf source 68. 
TmTTdSaLs of spin* 2 and 62 are L, and U. respect 
those coils. If the impedance of signal source 68 Is 2b and the mutual Inductance between the 

then 

V, = j-Lih + j-Mb 
Vi = - Zot 

The effective impedance Zi of spiral 2 is thus 



From these equations, it follows that 
jc«M s (Zo •iaiL2)(b/li). 

Since the inductances of the spirals L, and l« and the impedance of the signal source Zb are coiwtant. 
It is apoaimt from the equations that the effective impedance of the spiral 2. Z,. is a function of the 
currents I, and b and can be varied by contmlHng b- THe effective Unpedance of ^^.i^ 
increased or decreased depending upon the relative phases of the cuirentsh and b. Alternatively, the two 
terminals of spiral 62 can be connected drectiy together without the presence of any signal soun* so th^ 

Zb is zero. In that case 
ImM « -i«L«(b/li) 
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80 that the Inductance of spiral 2 can be oomraHed depending upon the currents flowing thiough the two 

" '^'^urelWa) shows a penveclive view of a modification of «^ 

15(*> h Ro«e 16(a). twmlnal 5 of spiral 2 is connected ^-^fl*^.^.** 

dfcolt 70 isoonneclsd In series with spiral 62 for varying the eunent flowing through spiral 62. Creuft TO 

may 1)0 l»th an attenuator and an amplifier lor decreasing arid Inoisaslng Ita 
20 The Other end Of spiral 62 IS connected through a temrfnalion 71 to the ground 

72 An equivalent circuit of the structure of Figure 16(a) is shown m Figure 16(b). The current flowlngin 

spiral 62 is controlled by drcuH 70, thereto altering the effective Inductance of spiral 2 «=cortlam» with 

the equalions set forth above. In particular, dieuit 70 permits oonUol of the ratio of oirrent flowe b^. 

varying the impedance Z, of spiral 2. Oependbig upon the relative phases of the currents flowing ft^ 
25 sDirab 2 and 62. the effedive Inductance of spiral 2 can be Increased or decreased. 

^ connections of spiral 62 may be reversed as Shown in the equh«^^ 

•mbodbnents shown In Rgures 15(a) and 16(a). the spirals 2 and (K are ^ £ 

windng one d the spirals 2 and 62 In fl» reverse direc^on from ttie^ 

Inductance d spinrf 2 wHh curnrt flowing in spiral 62 can biM^^ 
«, were reversed. l.e.. changed from those of ITgure 16(b) to those dRgurel 

the invention shown in IHguies 15(a) and 16(8) bottt employ two layer stmetures induding two spirals. 

addWonal tayers including additional spiral inductors can also be employed. 

The use of these novel additional inductors expands the range of variable inductance that canbe 

achieved in an integmlBd drcult In specific dreults requiring specific, fixed inductances, the ^ 
36 practice has been to manufactaire numerous drcuito^ repeatedly modifylngthdrdw^^^ 

technknie to achieve the desired inductance based on measured performance. The final design is wosen 

based on ttiese measuremente. The variable inductance according to the Invention avoids the trial and error 

techniw since the eWeclhw inductance value can be easily aOjusledaftw 

0«e practical use of a vaifabla inductance acconfng to the invention is illusliated in figures 18.21). 
40 Generally, a wide band amplifier operating to frequendes as high as several Ghz employs a p^ 

for tuning the frequency response d the ampTifier at the upper end d the frequency range. An e^ 

peddng dreuit is shown in Rguie 18 and indudes two field efled transistore. Element 75 «wnectea 

SwUn the transistors is an indudance efledhrely conn«^ 

the parasitic capadtenoes. That elemert 75 te suWed to Ihe trtal and error design tedinKjue to de^ 
45 predse design value for a particuter dreuit and frequency range. The effedd the v^ 

of etamsnt 75 upon the frequency response d an amplifier is indicated in Figure 20. If the Indudance is 
reduced, the frequency range is extended or peaked. 

The variabte inductance drcuft d 1^ 15(a) may be einpioyed as shown m figure 19 as a subsbhto 

for element 75. By reptedng the element 75 d l=igure 19 m the drcuitry d figure 18. the indudance and 
50 peaWngdrcult response can be varied over a range. As a result, the frequency vereus gain diar^^ 
an ampllfler can be varied between the sdid and brdcen lines shown in the graph d figure aa M 
in the frequency response can be made during operation d the amplfier, W necessary. pnwWing addllwial 

flexibility and avoiding the necessity d supplying iWlerertampBflersfWdmerBrt frequent 

Allhough the variable hiductore d Rgures 15(8) and 16(a) employ several msutattng layere and at least 
ss two tayere d metaBzatlons. they are readily integrablo with integrated drcuits. THe electrically insulating 
substrate 1 may be a semloondudor substrate in which acfive elemente and passhre etemente are also 
disposed to fbnn a mondlthic dreuit As in the olher embodlmente d the Invention. 9me iwtodors are 
integraMe. nd because they can be made on separate substrates that can be pteoed along side 
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semiconductor substrates containing oltier elements. Tbe novel '"^^f^J*!;^^ SSSL w 

S;'Sn!.Si«B may InchKte irt onty the 

W8B, an made by conventional Integrated dram f^rooesses. 



1. An inductive str^turelntegrable with a semlcondu^^ 

-?^sfn^tr<r.^^i^s^^^ 

plurality of eteCricalV conducting, spaced apart po^ ^ *8po^ ZTJT^^ 
«biS dV contacting and supporting the first spiral (2)whe,«n ^^.^J"^'^ "~ 
SSTte <fi6P«»wd tntemediate tM> adjacent posts (25) supporting an adjacent winding. 

-i-i- 1 f.»H»r ehanetMtaMi by first and second electrically conducting 

2. -nw inductive structure of claim 1. ^^^J™^^^ "'^ ..cond surface, the first via |2I) 
vias (2iJ23) passing ttirough the substrate (1) from the first lo "^Jf*?"^ Z^l, 
XicdS wd«^in9 an electrical connection to the intemal end (4) d the spiral (2). 

co«iSSt rseLd^) v4«reby el«^ 
on the first surface of ttie sutistrate (1). 

3L Tl« inductive stnK*ne of Claim 1 or 2. clw»«*«h«l in 

insulating semiconductor. 

4. The inductive stniclu,. Of daim 3. cl«r«:i«l»d in tl«lf^^^ 
consisting of galfium arsenide and imfium ptioaphlde. 
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@ imlurtlw«lnicluiMlor««nleonduclorliilw«^elre^ 



@ An inductive structure integrable wHh a semlcon- 
duclor integrated circuit comprises an electricaiy 
insulating substrate (1) having opposed fist and sec- 
ond surfaces: an electrical conductor disposed in a 
splial (2) spaced from the llrst surface of the sulh 
strata (1). the spiral (2) indudinQ an eKtamal end (3) 
disposed outside the spiral (2) as a first lead and an 
internal end (4) disposed within the spiral (2). said 
first spiral (2) including at toast two windhgs adja- 
cent each other; and a phiraWjr of etedricaBy coih 
ducting, spaced apart posts (25) disposed on the 
first surface of the substrate (1) contacting and sup- 
porting the first spiral (2). wherein each post (25) 
supporting one winding is disposed intemiediate two 
adjacent posts (25) supporting an adjacent winding. 



FIG 7(Q) 



1(b) 
L 



^ c 



J" 



(UK) 



EPMTC2800 



FINAL SEARCH DAT F ri ? 
DELIVER TO GOVT DATF.., ' 




EinOPEAN SEARCH KEPOST 



EP 94 11 6851 



nonJMENTS CONSroEBEP «" »BI Jl^AWT 



PATENT ittSTWCTS OF JAPAN 

vol. 13 no. 2(8 (E-775) .20 Ju"« . 

& JP-A-01 0S7788 (SHARP CORP.) 6 Nardi 

1989. 

• abstract • 



H01F17/00 
H01F27/28 
H01L27/08 



HDIF 
HOIL 
H05B 



